Introduction
============

The AIM dysplasia trial, a randomized sham controlled trial published in 2008, showed that radiofrequency ablation (RFA) was highly effective in eradicating dysplastic Barrett's esophagus, and safe [@JR474-1]. Subsequent studies have shown that combination endoscopic therapy (CET) (endoscopic mucosal resection (EMR) and RFA) provides a credible alternative to surgery in patients with early esophageal adenocarcinoma (EAC) [@JR474-2] [@JR474-3] [@JR474-4] [@JR474-5]. EAC with submucosal invasion is still typically referred for esophagectomy due to risk of lymph node spread, which is reported to be between 10 % and 50 % depending on depth of mucosal invasion in the index EMR specimen [@JR474-6] [@JR474-7] [@JR474-8]. RFA is now widely considered to be the preferred method for eradicating intestinal metaplasia and dysplasia within Barrett's esophagus [@JR474-9].

While many studies report the efficacy of RFA in dysplastic Barrett's esophagus, there are fewer published data on the durability of treatment outcomes. A systematic review and meta-analysis of the efficacy and durability of RFA in Barrett's esophagus [@JR474-10] analyzed 18 efficacy and six durability studies. The pooled recurrence rate of intestinal metaplasia after eradication was estimated at 13 % (95 %CI 9 -- 18 %) [@JR474-10]. Outcomes of more recent studies continue to vary. Phoa et al. reported outcomes of 54 patients receiving RFA and EMR for Barrett's esophagus with high grade dysplasia (HGD)/cancer and found sustained remission of intestinal metaplasia and neoplasia in 93 % of those reaching 5 years of follow-up (n = 46) [@JR474-11]. Others quote intestinal metaplasia recurrence rates between 20 % and 32 % [@JR474-12] [@JR474-13].

Recurrent or residual intestinal metaplasia typically occurs in distinct patterns: as visible islands in the tubular esophagus; buried intestinal metaplasia under neo-squamous mucosa; and at the gastroesophageal junction (GEJ). Korst et al. found the GEJ was the most common site for recurrent intestinal metaplasia post-ablation (71 %) [@JR474-12]. The clinical significance of intestinal metaplasia at the GEJ is not well established. Several clinical trials assessing RFA efficacy did not routinely biopsy the GEJ at follow-up [@JR474-1] [@JR474-14], partly accounting for the variation in quoted recurrence rates. In two studies where biopsies were routinely taken just below the neo-squamocolumnar junction post-RFA, one found persistent intestinal metaplasia in only 4 % of 54 patients and no dysplasia; the other found recurrent dysplasia in 9 % of 47 patients, with all dysplasia located at the GEJ [@JR474-11] [@JR474-13]. With intestinal metaplasia thought to precede dysplasia, this suggests that intestinal metaplasia at the GEJ may not be a benign entity.

Aims
====

We aimed to assess the effectiveness and durability of RFA (with or without EMR) in patients with dysplastic Barrett's esophagus, by determining rates of complete remission of dysplasia (CR-D) and intestinal metaplasia (CR-IM), time to achieve these end points, number of RFA treatments required, and recurrence rates and location of intestinal metaplasia/dysplasia post-eradication. A secondary aim was to evaluate the safety of EMR and RFA.

Methods
=======

Patients referred to St Vincent's Hospital Melbourne and The Royal Melbourne Hospital between 2008 and September 2013 were entered prospectively into a central database. Patient demographics, referral endoscopy details, prior treatment, and pre-assessment histology were recorded. Referral histology was reviewed by an expert gastrointestinal pathologist (RW).

Patients underwent systematic assessment of their Barrett's segment with high definition (Olympus H-180) endoscopes using high definition white-light endoscopy (HD-WLE) and narrow-band imaging (NBI). Forty patients (early in cohort) were also assessed with confocal endomicroscopy (CEM) as part of a study assessing the accuracy of HD-WLE, NBI, and CEM in identifying HGD/EAC. This study showed that CEM was accurate in confirming suspected dysplasia/neoplasia seen with HD-WLE/NBI, but did not significantly add to HGD/EAC detection or clinical outcome [@JR474-15]. CEM was not routinely used for subsequent patient assessments. Barrett's extent was documented according to the Prague classification [@JR474-16] (**Appendix 1**). Mucosal abnormalities were characterized according to size, Paris Classification [@JR474-17] (**Appendix 2**), and mucosal pattern (irregularity/loss) [@JR474-18]. Biopsies were taken according to the Seattle Protocol (**Appendix 3**). Biopsies of mucosal irregularities were labeled according to location (centimeters from mouth, o'clock position in neutral scope position), to facilitate location at subsequent endoscopy. Initially, where a lesion was thought to harbor HGD or neoplasia, biopsies were taken with EMR performed a few weeks later. In later cases, EMR was often performed at initial assessment. Biopsies were assessed for presence of intestinal metaplasia and grade of dysplasia using the revised Vienna classification (intestinal metaplasia without dysplasia (non-dysplastic Barrett's esophagus), indefinite for dysplasia (IND), low grade dysplasia (LGD), HGD or cancer) [@JR474-19] [@JR474-20]. EMR specimens were evaluated for infiltration depth, vertical resection margins, tumor differentiation or grade of dysplasia, and lymphatic/vascular invasion.

Patients' subsequent management depended on the most advanced histology after assessment and suitability for CET. Those with submucosal cancer (SMC) were referred for esophagectomy or chemoradiotherapy as endoscopic therapy was not considered definitively curative. In those with intramucosal cancer (IMC) or nodular HGD, EMR was performed until we were confident no cancer remained before commencing RFA.

In the treatment group, RFA was performed at 3-month intervals, unless delay occurred due to patient illness/social reasons. RFA was performed using the BARRXTM HALO system as previously described in the literature [@JR474-21]. The HALO360 or HALO90 ablation catheters were used at the discretion of the endoscopist (AT, FM, CJ, GC) depending on case specifics. Typically, HALO360 was used initially, unless the segment was patchy or significant narrowing existed from prior EMR scarring. Where HALO360 was used, the GEJ was overlapped and treated with the balloon. Where HALO90 was employed, the GEJ was focally ablated. In most cases, the esophagus was flushed with N-acetyl-cysteine pretreatment. Patients received double-dose proton pump inhibitor and topical anesthetic post-procedure. Interval EMR was performed where suspicious lesions were detected at subsequent endoscopy.

Follow-up evaluation commenced at the first post-treatment endoscopy confirming CR-IM (no endoscopic Barrett's and no intestinal metaplasia histologically, including at the GEJ). Recurrence was defined as intestinal metaplasia or dysplasia identified after achieving CR-IM. Intestinal metaplasia at the GEJ but not within the cardia was considered recurrence. Surveillance endoscopies were performed at 3, 6 and 12 months, then annually for those with prior IMC/HGD, and at 6 and 12 months, then annually for those with prior LGD. Surveillance biopsies were taken in four quadrants every 2 cm commencing just distal to the neo-squamocolumnar junction at the GEJ, extending proximally for the original maximal (M) length of the segment.

Where possible, patients were followed in the tertiary center for at least 1 year after achieving CR-IM, however, in some cases, due to social circumstances or distance from the hospital, patients were discharged to their referring endoscopist. Advice was given with regard to surveillance intervals and biopsy protocol. Subsequent endoscopy/histology reports were obtained for database entry. Patients with recurrent intestinal metaplasia or dysplasia were re-referred to the tertiary center for further management.

EMR and RFA adverse events were defined as events requiring surgery, unplanned hospital admission, bleeding requiring transfusion or unplanned endoscopic procedure. For patients living remotely, admission for observation was arranged when minor intraprocedural bleeding occurred. These patients were included in adverse event rates.

Statistical analysis
--------------------

Absolute remission rates and Kaplan -- Meier estimates with 95 % confidence intervals for achieving CR-D and CR-IM at 1, 2, and 3 years were calculated. Intestinal metaplasia/dysplasia recurrence rates (absolute, and Kaplan--Meier estimates) were calculated for those achieving CR-IM. Testing for statistical significance was performed using Chi squared/Fisher's exact test at a single tail significance level of 5 %.

This study was registered and approved by the hospitals' Human Research Ethics Committees.

Results
=======

There were 204 patient referrals (170 males; median age 67.7 years \[31.2 -- 89.6\]). Following assessment, 50 patients were excluded from receiving CET predominantly due to advanced disease; 24 with SMC were referred for esophagectomy, and seven for chemoradiotherapy. Of 154 patients appropriate for CET, 17 were treated with EMR only. [Fig. 1](#FI474-1){ref-type="fig"} details the referral cohort.

![ Treatment outcomes of patient referrals: Of 204 patients assessed, 137 have received RFA ± EMR.](10-1055-s-0042-109608-i474ei1){#FI474-1}

Treatment group characteristics
-------------------------------

In total, 137 patients (118 males) had commenced RFA treatment at time of analysis. Pretreatment histopathology after full assessment was IMC in 29 (21 %), HGD in 74 (54 %) and LGD in 34 (25 %). Full assessment was defined as assessment endoscopy ± EMR and referral histology review. Median age was 65.9 years (34.9 -- 87.8); median Barrett's esophagus circumferential (C) and M length were 3 cm (0 -- 17) and 5 cm (0 -- 18), respectively. In total, 78/137 patients had EMR in addition to RFA (69 pre-RFA, three between treatments, six post-RFA); 38/137 had received Barrett's esophagus treatment before referral: 22 with EMR, six argon plasma coagulation (APC), three laser, two cryotherapy, two photodynamic therapy, one gold probe, and two chemoradiotherapy (one for squamous cell carcinoma (SCC) of the esophagus).

Effectiveness
-------------

At the time of census, 85/137 were in post-treatment surveillance (five having achieved CR-D but not CR-IM), and 75 had at least 12 months of follow-up from first RFA to last endoscopy (therapeutic or surveillance). Of those with 12 months follow-up, nine had received HALO360 only (35 with HALO360/90, 31 with HALO90). In total, 90 patients achieved CR-D (median time 7.2 months \[2.3 -- 41.6\]); 65 achieved CR-IM (median 8.6 months \[2.3 -- 30.5\]). Median number of RFA to achieve these end points was 2 (1 -- 6). Median follow-up from first RFA to last endoscopic procedure was 13 months (0 -- 53.7). Absolute rates of CR-D and CR-IM for those with 1-, 2-, and 3-year follow-up were 88 %, 92 %, and 100 %, and 69 %, 74 %, and 81 %, respectively. Kaplan--Meier estimates for the same end points at 1, 2, and 3 years were 58 %, 88 %, and 95 %, and 41 %, 72 %, and 82 %. These results, with associated 95 % confidence intervals are summarized in [Table 1](#TB474-1){ref-type="table"} and [Fig. 2 a](#FI474-2){ref-type="fig"}, [Fig. 2 b](#FI474-2){ref-type="fig"}.

###### Proportion of patients achieving CR-D and CR-IM at 1, 2, and 3 years follow-up, with corresponding Kaplan--Meier estimates for the same end points.

  Time elapsed since commencing RFA treatment, years   Number reaching this amount of follow-up   Number achieving CR-D   Time to achieve CR-D, months   Kaplan--Meier estimate for achieving CR-D (with 95 % confidence interval)   Number achieving CR-IM   Time to achieve CR-IM, months   Kaplan--Meier estimate for achieving CR-IM (with 95 % confidence interval)   Number of RFA required to achieve CR-D and CR-IM
  ---------------------------------------------------- ------------------------------------------ ----------------------- ------------------------------ --------------------------------------------------------------------------- ------------------------ ------------------------------- ---------------------------------------------------------------------------- --------------------------------------------------
  1                                                    75                                         66 (88 %)                7.8 (2.3 -- 41.6)             57.6 % (48.2 %, 67.1 %)                                                     52 (69 %)                10.6 (2.3 -- 30.5)              41.3 % (31.5 %, 51.1 %)                                                      2 (1 -- 6)
  2                                                    39                                         36 (92 %)                7.8 (2.3 -- 41.6)             87.9 % (80.1 %, 95.7 %)                                                     29 (74 %)                10.3 (2.3 -- 30.5)              72.3 % (61.3 %, 83.2 %)                                                      2 (1 -- 6)
  3                                                    16                                         16 (100 %)              12.5 (3.0 -- 34.5)             95.2 % (89.1 %, 100.0 %)                                                    13 (81 %)                12.2 (3.0 -- 29.2)              81.8 % (70.4 %, 93.2 %)                                                      3 (1 -- 6)

CR-D, complete remission of dysplasia; CR-IM, complete remission of intestinal metaplasia; RFA, radiofrequency ablation.

![Probability of achieving CR-D improved incrementally over time with continued treatment. **b** Probability of achieving CR-IM improved incrementally over time with continued treatment.](10-1055-s-0042-109608-i474ei2){#FI474-2}

Of the 75 patients with at least 12 months of follow-up, at time of census, nine had not yet achieved CR-D (median follow-up 18.4 months \[12.4 -- 35.3\]), and 24 had not yet achieved CR-IM (median follow-up 19.5 months \[12.0 -- 58.9\]), both groups with median 3 RFA (1 -- 7). Of those not yet achieving CR-D, two were discharged from follow-up for social reasons without histological confirmation of CR-D. Two were awaiting follow-up biopsies. One was still receiving RFA after several intervening EMR procedures for nodular Barrett's esophagus. Two had a poor endoscopic response to RFA thought due to visible volume reflux and were referred for fundoplication before continuing treatment. Two were referred for esophagectomy after cancer was found during RFA treatment. In one case, the pre-assessment histology was HGD with non-dysplastic Barrett's esophagus found at referral and assessment. Three months following initial HALO90, a nodule harboring SMC was detected and completely excised with EMR. No residual cancer was found in the esophagectomy specimen. The second patient had IMC documented previously but HGD at referral and assessment. No EMR was performed. IMC was subsequently detected 3 months after two HALO360. Esophagectomy was curative. Five-year follow-up showed no endoscopic recurrence in either case. Of the 24 patients not yet achieving CR-IM, four had no visible Barrett's esophagus, seven had \< 1 cm Barrett's esophagus, 13 had \> 1 cm Barrett's esophagus remaining. Location of intestinal metaplasia was focal at the GEJ in five, focal above the GEJ in four, diffuse in six patients, not specified in six, and in three there were no biopsies.

There was no statistically significant difference in response to therapy based on pretreatment histology.

Durability
----------

In total, 65 patients achieved CR-IM (median follow-up 12.4 months (0 -- 64.4)). Of these, 12/65 had "possible Barrett's" described at endoscopy (eight with tiny islands, one with possible rim at GEJ, three with possible Barrett's tongues of \~1 cm) but targeted biopsies of these areas did not reveal intestinal metaplasia. In total, 26 patients had at least 12 months follow-up after achieving CR-IM. Of those achieving CR-IM, five did so after one HALO360 (one with EMR also); three of those had at least 12 months of follow-up since achieving CR-IM; 18/65 (28 %) patients documented recurrent intestinal metaplasia after initial eradication, 72 % at the GEJ; 10/18 had salvage therapy (APC 5, EMR 3, RFA 2). Nine had re-achieved CR-IM at time of census. Of the nine re-achieving CR-IM, median months in remission was 12.8 (0 -- 38.9) ([Fig. 3 a](#FI474-3){ref-type="fig"}, [Table 2](#TB474-2){ref-type="table"}).

![Experience of 65 patients initially achieving CR-IM, showing recurrence of intestinal metaplasia and subsequent remission: Of 65 patients achieving CR-IM, 18 had recurrent intestinal metaplasia with nine of those re-achieving CR-IM. **b** Experience of 65 patients initially achieving CR-IM, showing recurrence of dysplasia and subsequent remission: Of 65 patients achieving CR-IM, six had recurrent dysplasia with five of those re-achieving CR-D and CR-IM.](10-1055-s-0042-109608-i474ei3){#FI474-3}

###### Patients with recurrent intestinal metaplasia or dysplasia[2](#FN474-2){ref-type="table-fn"} after initial successful eradication of Barrett's. Those with recurrence after at least 12 months follow-up since documented CR-IM are highlighted.

  Patient ID number with recurrent intestinal metaplasia/dysplasia[1](#FN474-1){ref-type="table-fn"} after initial CR-IM   Months from initial CR-IM to when relapse intestinal metaplasia/dysplasia documented   Pretreatment histology   Type of recurrence                                  Location    focal/diffuse       Buried (yes/no)   Further treatment   Subsequent CR-D           Where CR-D re-achieved, months now in CR-D   Subsequent CR-IM     Where CR-IM re-achieved, months now in CR-IM
  ------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------- ------------------------ --------------------------------------------------- ----------- ------------------- ----------------- ------------------- ------------------------- -------------------------------------------- -------------------- ----------------------------------------------
  17                                                                                                                       2.0                                                                                    HGD                      Intestinal metaplasia                               GEJ         3/4 biopsies        No                APC                 N/A                       N/A                                          Yes                  15
  104                                                                                                                      3.1                                                                                    HGD                      Intestinal metaplasia                               GEJ         Focal               Yes               N/a                 N/A                       N/A                                          N/A                  0
  23                                                                                                                       3.2                                                                                    HGD                      Intestinal metaplasia                               Above GEJ   2 biopsies          No                APC                 N/A                       N/A                                          Yes                  12.8
  53                                                                                                                       5.5                                                                                    HGD                      Intestinal metaplasia                               Above GEJ   Focal               No                APC                 N/A                       N/A                                          Still focal at GEJ   0
  44                                                                                                                       5.5                                                                                    HGD                      Intestinal metaplasia                               GEJ         Focal               No                Surveillance        N/A                       N/A                                          Yes                  0
  38[1](#FN474-1){ref-type="table-fn"}                                                                                     5.6                                                                                    IMC                      HGD                                                 GEJ         Focal               No                EMR × 2             No -- LGD still present   0                                            No                   0
  13                                                                                                                       5.7                                                                                    HGD                      Intestinal metaplasia                               Above GEJ   Focal               No                APC                 N/A                       N/A                                          No                   0
  95                                                                                                                       6.1                                                                                    HGD                      Intestinal metaplasia                               GEJ         Focal               No                N/a                 N/A                       N/A                                          N/A                  0
  69                                                                                                                       6.7                                                                                    IMC                      Intestinal metaplasia                               GEJ         Focal               No                Surveillance        N/A                       N/A                                          N/A                  0
  3600                                                                                                                     7.7                                                                                    HGD                      Intestinal metaplasia                               GEJ         Focal               No                N/A                 N/A                       N/A                                          N/A                  0
  15[1](#FN474-1){ref-type="table-fn"} ^,^ [2](#FN474-2){ref-type="table-fn"}                                              9.1/38.7                                                                               IMC                      Intestinal metaplasia initially; HGD subsequently   GEJ         \> 1 biopsy/focal   No                EMR + RFA           Yes                       0                                            Yes                  0
  14[1](#FN474-1){ref-type="table-fn"}                                                                                     10.6                                                                                   HGD                      LGD                                                 GEJ         Focal               No                No                  Yes                       25.4                                         Yes                  0
  9[1](#FN474-1){ref-type="table-fn"}                                                                                      11.0                                                                                   HGD                      HGD                                                 GEJ         Focal               No                EMR + RFA           Yes                       15                                           Yes                  15
  16[1](#FN474-1){ref-type="table-fn"}                                                                                     12.0                                                                                   HGD                      HGD                                                 N/A         N/A                 No                No                  Yes                       17.4                                         Yes                  17.4
  24                                                                                                                       12.0                                                                                   HGD                      Intestinal metaplasia                               GEJ         Focal               No                APC                 N/A                       N/A                                          Yes                  0
  12                                                                                                                       17.1                                                                                   HGD                      Intestinal metaplasia                               GEJ         Focal               Yes               Surveillance        N/A                       N/A                                          No                   0
  5                                                                                                                        19.5                                                                                   HGD                      Intestinal metaplasia                               Above GEJ   2 biopsies          No                RFA                 N/A                       N/A                                          N/A                  0
  154[1](#FN474-1){ref-type="table-fn"}                                                                                    22.1                                                                                   HGD                      LGD                                                 GEJ         Focal               No                No                  Yes                       38.9                                         Yes                  38.9

APC, argon plasma coagulation; CR-IM, complete remission of intestinal metaplasia; CR-D, complete remission of dysplasia; EMR, endoscopic mucosal resection; GEJ, gastroesophageal junction; HGD, high grade dysplasia; IMC, intramucosal cancer; LGD, low grade dysplasia; RFA, radiofrequency ablation.

Patients with recurrent dysplasia in addition to recurrent intestinal metaplasia.

This patient had recurrent intestinal metaplasia in \> 1 biopsy at 9.1 months following initial CR-IM and recurrent focal high grade dysplasia at 38.7 months.

In total, 6/65 (9 %) patients documented recurrent dysplasia after achieving CR-IM, 80 % at the GEJ. Five patients subsequently re-achieved CR-D, two with salvage therapy (RFA plus EMR), and in three, dysplasia was not detected at subsequent endoscopies during 17, 25, and 39 months of follow-up ([Fig. 3 b](#FI474-3){ref-type="fig"}, [Table 2](#TB474-2){ref-type="table"}).

Of those patients maintaining CR-IM for at least 12 months (n = 26), recurrent intestinal metaplasia and dysplasia occurred in five (19 %) and three (12 %), respectively. The Kaplan--Meier estimate of durability of CR-IM at 1 year was 64 % (95 %CI 49 -- 59 %), and at 2 and 3 years, it was 48 % (95 %CI 29 -- 67 %) ([Fig. 4](#FI474-4){ref-type="fig"}); for CR-D, the estimates were 88 % (80 -- 97 %), 84 % (73 -- 96 %), and 77 % (61 -- 94 %) at 1, 2, and 3 years, respectively.

![ Durability of CR-IM over time.](10-1055-s-0042-109608-i474ei4){#FI474-4}

In all cases with recurrent intestinal metaplasia/dysplasia, the most advanced pretreatment histopathology was HDG or IMC. In total, 13/18 intestinal metaplasia recurrences were in one biopsy only and 13/18 were at the GEJ; nine re-achieved CR-IM. Dysplasia recurrence was HGD (n = 4) and LGD (n = 2) with no EAC; 5/6 recurrences were focal at the GEJ; one had buried dysplasia, five subsequently re-achieved CR-IM. There was no statistically significant difference in recurrence rates between those who received HALO90 at the GEJ, and those who received HALO360 alone. Additionally, there was no statistically significant difference in recurrence between those with possible Barrett's at endoscopy and those without.

Safety of RFA and EMR
---------------------

In the treatment group, 137 patients had RFA (305 procedures) and 78 had EMR (122 procedures). Adverse events occurred in 4 % of RFA and 6.5 % of EMR procedures. In the entire referral cohort, 215 EMR procedures were performed in 140 patients, with a 9 % adverse event rate. Adverse event details are summarized in [Table 3](#TB474-3){ref-type="table"}.

###### Adverse events for RFA and EMR. Section a outlines the adverse event rate for RFA procedures and Section b outlines the adverse event rate for EMR procedures in those patients who also underwent RFA treatment (i. e. had combined endoscopic therapy). Section c outlines the EMR adverse event rate for the entire referral cohort, whether they had EMR for staging, sole treatment or as part of combination endoscopic therapy and thus includes patients from Sections a and b.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                               Number              Type of adverse events                 Number   \%      Detail
  -------------------------------------------------------------------------------------------- ------------------- -------------------------------------- -------- ------- --------------------------------------------------------------------------------------------
  **a: RFA complications of the treatment cohort (RFA ± EMR)**                                                                                                             

  Patients undergoing RFA                                                                      137                                                                         

  Total RFA Procedures                                                                         305                                                                         

  Procedures per patient                                                                       Median 2 (1 -- 7)                                                           

  Total adverse events                                                                         12 (4 %)            Mucosal tears                          2\       1.3 %   Secondary to sizing balloon\
                                                                                                                                                          2                RFA 360 balloon

                                                                                                                   Bleeding -- requiring transfusion      3        0.9 %   Required transfusion and repeat endoscopic procedure (one in setting of re-warfarinization

                                                                                                                   Bleeding -- admitted for observation   1        0.3 %   Admitted for observation

                                                                                                                   Stricture                              4        1.3 %   2 requiring ≥ 2 dilations

                                                                                                                                                                           2 requiring single dilation

                                                                                                                   Fever (0.3 %)                          1        0.3 %   Admitted for observation

                                                                                                                   Pain (0.3 %)                           1        0.3 %   Admitted for observation

  **b: EMR complications occurring within the treatment cohort only (EMR + RFA)**                                                                                          

  Patients                                                                                     78                                                                          

  Procedures                                                                                   122                                                                         

  Procedures per patient                                                                       Median 1 (1 -- 8)                                                           

  Adverse events                                                                               8 (6.5 %)           Perforation                            1        0.8 %   EMR of IMC at GEJ\
                                                                                                                                                                           Laparotomy and oversew

                                                                                                                   Bleeding -- requiring transfusion      2        1.6 %   1 secondary to Mallory Weiss tear

                                                                                                                   Bleeding -- admitted for observation   3        2.5 %   Admitted overnight

                                                                                                                   Stricture                              1        0.8 %   Requiring ≥ 2 dilations

                                                                                                                   Fever                                  1        0.8 %   Admitted for observation

  **c: EMR complications occurring in the *entire* referral cohort (EMR at any time point)**                                                                               

  Patients                                                                                     140                                                                         

  Procedures                                                                                   215                                                                         

  Procedures per patient                                                                       Median 1 (1 -- 8)                                                           

  Adverse events                                                                               20 (9 %)            Perforation                            1        0.5 %   EMR of IMC at GEJ\
                                                                                                                                                                           Laparotomy and oversew

                                                                                                                   Suspected perforation                  4        1.8 %   Clipped\
                                                                                                                                                                           Perforation excluded

                                                                                                                   Bleeding -- requiring transfusion      2        0.9 %   1 secondary to Mallory Weiss tear

                                                                                                                   Bleeding -- admitted for observation   8        3.7 %   Admitted overnight

                                                                                                                   Stricture                              2        1.4 %   Requiring ≥ 2 dilations

                                                                                                                                                          1                Single dilation

                                                                                                                   Fever                                  2        0.9 %   Admitted for observation
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EMR, endoscopic mucosal resection; GEJ, gastroesophageal junction; IMC, intramucosal cancer; RFA, radiofrequency ablation.

Discussion
==========

We present a case series of patients with dysplastic Barrett's esophagus treated with RFA (with or without EMR). While RFA has been established as safe and effective for treating dysplastic Barrett's esophagus, there is relative paucity in the literature with regard to outcome durability. Our data are a significant addition to the growing literature on recurrence rates of intestinal metaplasia and dysplasia in a histologically advanced group. Our data show that where intestinal metaplasia and dysplasia recurred, it did so most frequently at the GEJ and in those with prior advanced histology. Our data also show an incremental response to RFA over time, with continued treatment.

Effectiveness
-------------

Our CR-IM and CR-D rates at 1, 2, and 3 years were 69/74/81 %, and 88/92/100 %, respectively with lower Kaplan--Meier estimates for the same time points. The absolute rates are similar to those published in the literature though on the lower end of the spectrum. The pooled percentage of patients achieving CR-IM and CR-D in Orman et al.'s systematic review (2013) was 78 % (95 %CI, 70 -- 86 %) and 91 % (95 %CI, 87 -- 95 %), respectively [@JR474-10]. Duration of study follow-up was variable with a median of 20.5 months (12 -- 31 months).

While many studies show efficacy rates for RFA after a given time, studies have not described remission rates improving over time with continued treatment. Kaplan--Meier analysis of our cohort showed that the probability of achieving CR-D/CR-IM improved incrementally over time with further RFA treatments: 84 % CR-D/66 % CR-IM within 18 months, and 95 % CR-D/82 % CR-IM within 36 months ([Fig. 2 a](#FI474-2){ref-type="fig"}, [Fig. 2 b](#FI474-2){ref-type="fig"}). It is likely that patients with complex Barrett's esophagus segments (i. e. nodular, strictured, scarred or patulous esophagus) require more RFA sessions to achieve complete segment ablation due to technical difficulty in achieving total ablation at each session. A second subgroup of "slow responders" may exist who, despite complete ablation in a session, require a greater number of treatments to achieve CR-IM. We hypothesize that this group may include those with poorly controlled volume reflux resulting in ongoing mucosal insult between treatments. Further evaluation of our cohort is required to determine what proportion of patients yet to achieve CR-D/CR-IM respond eventually. Further studies are needed to assess predictors of poor/slow response.

Our cohort was heterogeneous, reflecting the broad spectrum of patients with dysplastic Barrett's esophagus, and consisted of patients with predominantly advanced histology (\> 75 % with HGD/IMC). Cases included often complex Barrett's esophagus segments and this was thought to contribute to slightly lower CR-D/CR-IM rates at early time points. Delay between RFA treatments due to medical/social reasons, or interval performance of EMR for suspicious lesions were also factors. Finally, 3/24 patients not achieving CR-IM and 4/9 patients not achieving CR-D after 12 months of treatment lacked histological confirmation at the time of census. It is therefore conceivable that the proportion of patients achieving CR-D/CR-IM is an underestimate.

Progression of disease
----------------------

EAC was detected in two patients while receiving RFA, resulting in referral for esophagectomy (details in Results section). In both cases, given the time course, cancer likely went undetected at assessment rather than representing true progression on treatment. These cases highlight the importance of rigorous baseline evaluation to enable appropriate patient selection for CET. Both cases occurred very early in the cohort suggesting that a learning curve exists, even for experienced endoscopists, in recognizing subtle mucosal abnormalities that may harbor dysplasia or cancer. This is supported by findings published on a subset of our cohort that found that Barrett's assessment in specialized Barrett's units resulted in improved detection of mucosal abnormalities and EAC [@JR474-22].

Durability
----------

Our data show that, in patients achieving CR-IM, there was a significant risk of recurrent intestinal metaplasia (28 %) and dysplasia (9 %). Those documenting recurrence before 12 (and even 6) months ([Fig. 3 a](#FI474-3){ref-type="fig"}) raise the possibility of the initial CR-IM diagnosis resulting from biopsy sampling error. Intestinal metaplasia and dysplasia recurrence rates in patients with at least 12 months in remission (possibly better representatives of true remission) were still 19 % and 12 %, respectively. These figures may be underestimates as a small number of patients achieving CR-IM were referred back to their original endoscopist for surveillance (as outlined in the Methods section). Based on receipt of patients' subsequent endoscopy/histology reports, we believe that protocol was well adhered to outside the tertiary center and that potential classification bias was minimized.

There is currently inconsistency in the literature with regard to intestinal metaplasia recurrence, partly due to lack of consensus in its definition. A US Multicenter Consortium, whose definition included isolated intestinal metaplasia of the cardia/GEJ, found that, among patients achieving CR-IM by 24 months, 20 % developed recurrent intestinal metaplasia within a year, and 33 % after 2 years. Intestinal metaplasia of the cardia/GEJ accounted for almost half of the recurrences reported [@JR474-23]. Korst et al. described recurrent intestinal metaplasia in 26 % of 53 patients treated successfully with RFA. None relapsed with dysplasia though this cohort consisted of predominantly non-dysplastic Barrett's esophagus [@JR474-12]. Vaccaro et al. found 26 % cumulative intestinal metaplasia recurrence in 47 patients treated successfully with RFA [@JR474-13]. This group had predominantly HGD pretreatment, though it included non-dysplastic Barrett's esophagus and IMC. Four (9 %) had recurrent dysplasia at the neo-squamocolumnar junction; none were detected endoscopically. In Phoa et al.'s cohort, biopsies were obtained from the GEJ (median 20) which was focally ablated at least once [@JR474-11]. Recurrent focal intestinal metaplasia was found in 19/54 patients (35 %), however, this finding was not reproduced at subsequent endoscopies in 17/19 patients (median of five follow-up endoscopies), with no increase in intestinal metaplasia incidence at the GEJ over time [@JR474-11]. In contrast, where intestinal metaplasia of the GEJ was not considered recurrence, reported recurrence rates were much lower. Of 198 patients achieving CR-IM in a UK study, only 9 % had recurrent intestinal metaplasia by the end of follow-up; 47 % of those, however, had recurrent dysplasia [@JR474-24]. Whether intestinal metaplasia at the GEJ represents true recurrence, persistent intestinal metaplasia in an area not initially ablated, or cardia intestinal metaplasia is uncertain.

Our intestinal metaplasia recurrence rates are in line with those studies routinely obtaining biopsies at the GEJ, as we did [@JR474-11] [@JR474-12] [@JR474-13] [@JR474-23]. All patients with recurrent dysplasia/intestinal metaplasia had HGD or IMC as their most advanced pretreatment histology. None recurred with a more advanced histology than previously documented, and importantly, none with recurrence developed cancer. Recurrences were predominantly focal, and were located at the GEJ in 72 % with recurrent intestinal metaplasia and 82 % with recurrent dysplasia. There was no statistically significant difference in recurrence rates between those who received HALO90 at the GEJ, and those who received HALO360 alone, however, the sample size of the latter group was small. The authors recognize that the lack of focal ablation of the z-line with HALO90 in a few patients may have impacted overall recurrence rates and advocate focal GEJ ablation in all patients where possible. All with recurrence were able to be managed endoscopically with the majority re-achieving CR-D/CR-IM.

The risk for intestinal metaplasia progression to dysplasia/neoplasia at the GEJ is also unclear. Our data show that where dysplasia recurred, it did so at the GEJ in 83 %; consistent with the finding of Vaccaro et al. [@JR474-13]. Given that intestinal metaplasia precedes dysplasia, it follows that intestinal metaplasia at the GEJ, after RFA eradication of Barrett's esophagus, is not necessarily benign. Like Vaccaro et al., our data indicate that, following successful ablation of dysplastic Barrett's esophagus, the GEJ should be considered an area at risk for the development of dysplasia and potentially adenocarcinoma in high risk groups. It would suggest that the finding of intestinal metaplasia at the GEJ should not be excluded from reports of recurrence rates and durability.

Some early RFA cost analyses models incorporated the assumption that patients in whom dysplastic Barrett's esophagus was eradicated with RFA did not require long-term surveillance [@JR474-25]. Later models are including evidence such as ours that the potential for intestinal metaplasia and dysplasia recurrence may necessitate ongoing surveillance, particularly in high risk groups [@JR474-26]. Further dedicated studies are required assessing the significance of intestinal metaplasia at the GEJ post-ablation.

Limitations of study
--------------------

This study was a retrospective analysis of the outcomes of combined endoscopic treatment in a real-world cohort of Barrett's patients. As previously mentioned, the cohort had predominantly advanced disease, with often complex segments, and several had received prior endoscopic treatment before their referral to a tertiary center. Decisions with regard to individual patient treatment were made at the discretion of the endoscopist, and while following recommended guidelines, adjustments to treatment were made when deemed clinically appropriate. These factors would have impacted CR-IM and CR-D rates. Additionally, the lack of focal ablation of the z-line with HALO90 in a few patients may have impacted overall recurrence rates and the authors advocate focal GEJ ablation in all patients where possible. Finally, this study reports the preliminary data set of a cohort that is being followed long term. At the time of census, there were only 16 patients who had reached at least 3 years of follow-up since first RFA and only 26 with at least 12 months follow-up since achieving the end point of CR-IM. The latter was in part due to some patients returning to their referring endoscopists for surveillance following CR-IM, again, a familiar scenario in real-world practice. We aim to reassess our durability outcomes in future analyses with a greater number of patients with long-term follow-up and additionally aim to recapture data for those patients previously returned to their referring specialist for surveillance.

Conclusion
==========

RFA, combined with EMR in select patients, is effective, safe, and durable for the majority of patients with dysplastic Barrett's esophagus including those with complex disease. Dysplasia and intestinal metaplasia recurrence appears to occur more commonly in patients with advanced pretreatment histology, and frequently at the GEJ. This suggests that recurrent intestinal metaplasia at the GEJ may not be a benign finding and that ongoing careful surveillance of this region should be considered in patients with previous advanced dysplasia.

Appendix 1
==========

Prague Classification [@JR474-16]

A circumferential segment of Barrett's esophagus of 2 cm in length from the top of the mucosal folds and tongues of Barrett's metaplasia extending an additional 3 cm superior would be classified as C2M5.

-   Circumferential (C) length of Barrett's esophagus

-   Maximal (M) extent of any Barrett's metaplasia.

Appendix 2
==========

###### Paris classification of mucosal lesions [@JR474-17].

  Endoscopic appearance   Paris classification                               Description
  ----------------------- -------------------------------------------------- --------------------------
  Protruded lesions       1S                                                 Nodule, sessile polyp
  Flat elevated lesions   02A                                                Flat elevation of mucosa
  02A + C                 Flat elevation of mucosa with central depression   
  Flat lesions            02B                                                Flat mucosal change
  02C                     Mucosal depression                                 
  02C + A                 Mucosal depression with raised edge                

Appendix 3
==========

Seattle Protocol [@JR474-27]

Random 4-quadrant biopsies taken at 1- to 2-cm intervals along the Barrett's segment using jumbo biopsy forceps.
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